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Abstract: Hybrid propulsion systems could contribute in reducing pollutant exhaust gas emissions and noise 
levels on board a ship, offering the advantages of both conventional and electric propulsion systems. In this 
paper, an investigation into the application of a hybrid propulsion system in an Offshore Construction 
Support Vessel (CSV) is presented. Power generation, power distribution and energy storage elements have 
been sized based on both the propulsion and dynamic positioning power requirements. Finally, evaluating 
the system’s performance under a certain operational scenario has shown that there is a significant reduction 
in fuel consumption and as a consequence in pollutant emissions.  
Keywords: Hybrid Propulsion, Li-ion Batteries, Offshore Support Vessel, Simulation 
 
1 Introduction 
In October 2008, IMO adopted the 
Revised MARPOL Annex VI and the NOx 
Technical Code 2008 where the main changes refer 
to a progressive reduction in emissions of SOx, 
NOx and particulate matter and the extension of 
designated emission control areas (ECAs) (IMO, 
2008). Furthermore, on 1 July 2014, the new 
SOLAS regulation II-1/3-12 which requires new 
ships to be constructed to reduce on-board noise 
and to protect personnel from noise, in accordance 
with the revised Code on noise levels on board 
ships, became mandatory (IMO, 2012). Against 
these restrictions the maritime industry and, more 
specifically, the marine technologists are forced to 
turn to more environmentally friendly ways of ship 
propulsion. 
 Hybrid propulsion systems, based on the 
principles of electric propulsion combined with 
energy storage elements, have been introduced 
globally through their applications in the 
automotive industry (Volker, 2013). In the 
maritime industry, these systems are currently 
under investigation. The implementation of hybrid 
propulsion is generally limited to certain types of 
vessels as it is particularly applicable in cases 
where the mean propulsion power demand is 
significantly lower than the installed capacity. The 
offshore industry could benefit from hybrid 
technology since the operational profile of offshore 
vessels meet the above criterion. 
The purpose of the present study is to 
demonstrate that hybrid propulsion systems can be 
applied in Offshore Support Vessels and 
successfully replace the currently used propulsion 
systems. An analysis is conducted for a DP-2 
Construction Support Vessel (CSV) (Yong and 
Qiang, 2012) built for subsea operations, specially 
designed for cable laying as well as diving, 
Remotely Operated Vehicle (ROV) survey and 
Inspection, Maintenance & Repair (IMR) work. 
The power plant arrangement and main machinery 
components are sized based on the operational 
profile of the vessel and the principles of hybrid 
technology. The entire power plant of the vessel 
along with the main machinery components are 
introduced in Section 2. Furthermore, a Simulink 
model is developed in order to prove that the 
chosen components can successfully be connected 
and perform under certain operational conditions, 
as presented in Section 3. A load flow analysis is 
then conducted to evaluate the power plant 
performance under a certain operational scenario. 
Based on the same operational scenario, the hybrid 
system and the current power plant of the CSV are 
compared in terms of fuel consumption and CO2 
emission. The results of above analyses along with 
the operational scenario are presented in Sections 4 
and 5 respectively. 
 
2 Hybrid power plant arrangement 
The current propulsion system arrangement of the 
CSV is illustrated in Figure 1. The propulsion 
system consists of two medium speed diesel 
engines each driving a CP propeller through a 
gearbox to which a shaft generator is connected. 
 
Figure 1. Current power plant 
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Given the similarity between the current 
power plant and a typical parallel hybrid 
configuration it was felt that the latter would be an 
appropriate development as it has potential as a 
retrofit in vessels with similar propulsion systems. 
The parallel hybrid arrangement is illustrated in 
Figure 2. The hybrid configuration offers the 
possibility of using smaller engines for propulsion 
due to the “Hybrid Propulsion” option in which 
propulsion requirements are covered by both the 
prime mover and the battery (Guzzella and 
Sciarretta, 2013). Moreover, the shaft generators 
can be replaced by smaller synchronous machines 
which operate either as generators or motors 
depending on the power requirements.  
The energy buffering concept allows the 
efficiency of a diesel engine to be maximized by 
operating the engine close to the Maximum 
Continuous Rating (MCR) point (Khodabakhshian, 
2015). It is reasonable that in some cases the 
amount of power provided by the diesel engine, 
operating at MCR, will be higher than the 
demanded power for propulsion. The excess power 
is used to drive the synchronous machine which 
operates as a generator and charges the battery 
bank. Charging the battery from an AC source 
requires a three phase rectifier to convert AC 
voltage to DC voltage. A DC boost converter is 
also used in the system shown in Figure 2 in order 
to increase the output DC voltage of the rectifier to 
such a level that will allow the charging of the 
battery. On the other hand, the battery bank 
supplies the synchronous machine acting as a 
motor when the propulsion requirements are low or 
when the output power of the main engine is 
insufficient to support propulsion and additional 
power is required. In order to achieve this, a three 
phase IGBT (Insulated Gate Bipolar Transistor) 
inverter controlled by a PWM (Pulse Width 
Modulation) signal is required between the battery 
bank and the synchronous motor (Lander, 1994). 
In practice the rectifier and PWM inverter could be 
replaced by a single IGBT converter, the power 
converter shown in dashed lines in Figure 2, 
however the system has been simplified in this 
instance to provide greater clarity. 
 The above arrangement would be applied 
to both propeller shafts with engines operating 
close to the MCR point. Finally, the propulsion 
system is equipped with a CP propeller running at 
constant rotational speed. The hybrid configuration 
was modelled in Matlab Simulink based on the 
arrangement shown in Figure 2. 
In order to estimate the ratings of the 
required machinery it was necessary to develop a 
power distribution map. The parallel hybrid 
configuration allows three different driving 
options; electric, conventional mechanical and 
hybrid propulsion. Table 1 presents the power 
distribution map with respect to these three driving 
options. Electric power produced by the generator 
is used either to charge the batteries or to supply 
other loads onboard ship when the batteries are 
fully charged. It can be seen from Table 1 that this 
concept is mainly applied in the speed range 
between 9.6 to 12 knots but it can also be applied 
in cases where the speed is below 9.6 knots and 
conventional drive of the propeller is chosen. 
As mentioned earlier, the CSV used in the 
study is a DP-2 vessel (ABS, 2013) that contains 
the following DP equipment: 
• two Bow Tunnel Thrusters 
• one Bow Retractable Azimuth Thruster 
• one Stern Tunnel Thruster and 
• one Stern Retractable Azimuth Thruster 
 
Figure 2. Parallel Hybrid power plant configuration 
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In the current power plant, power is 
delivered to the thrusters by the shaft generators. In 
the hybrid configuration, this option still remains 
when conventional mechanical propulsion is 
chosen. However, an additional auxiliary generator 
is introduced in order to cover the power 
requirements of the DP system, when at full load, 
since the size of the main engines and the 
synchronous machines is reduced.  In cases where 
hybrid or electric propulsion is chosen, the 
synchronous machine operates as an electric motor 
and therefore cannot supply the thrusters. This can 
be resolved by supplying the DP system with 
power from the auxiliary generators. The 
additional auxiliary generator increases the output 
power of the auxiliary generator arrangement and 
enables the system to cover both the DP 
requirements and the other loads on the ship such 
as hotel or service loads. The auxiliary generator 
system in the current power plant consists of two 
generators driven by MAK 8M25C diesel engines 
with total power output of 4640 kW while on the 
hybrid configuration, the additional generator is 
driven by a 1020kW MAK 6M20C diesel engine. 
Therefore, the total power output of the auxiliary 
generator arrangement in the hybrid power plant is 
5660 kW. 
The rating of the main engines in the 
hybrid configuration is reduced compared to the 
existing system. The total power output of the 
main engines decreased from 8.6 MW to 4.6MW. 
The CSV is currently equipped with two MAK 
9M32C diesel engines which would be replaced in 
the hybrid configuration by two MAK 8M25C 
engines. The diesel engines have been chosen 
based on the propulsion power requirements 
presented in Table 1. The shaft generators have 
also been replaced by two smaller synchronous 
machines of 2358 kVA each. The smaller 
synchronous machines  reduce the total weight of 
the power plant but they are capable of providing 
the necessary power to the propellers or the 
thrusters depending on the driving option.The rest 
of the power plant remains the same, as shown in 
Table 2.  
 
Table 2. Main Machinery 
Machinery Existing 
Power Plant 
Hybrid Power 
Plant 
Main Engine 2 x MAK 
9M32C, 4320 
kW each 
2 x MAK 
8M25C, 2320 
kW each 
PTI-PTO 2 x Shaft 
generator, 
3375 kVA 
each 
2 x 
Synchronous 
machines, 2358 
kVA each 
Auxiliary 
Generator 
2 x MAK 
8M25C, 2750 
kVA each 
2 x MAK 
8M25C,  
2750kVA each 
1 x MAK 
6M20C, 1215 
kVA 
Emergency 
Generator 
1 x Caterpillar 
190 kVA 
1 x Caterpillar 
190 kVA 
Propeller 2 x CPP  in 
Kort Nozzles 
2 x CPP in  
Kort Nozzles 
 
  It was also necessary to conduct an 
analysis of the weights of the two different power 
Table 1. Power distribution map 
Propulsion 
Hybrid Propulsion 
Speed 
[knots] 
Power 
Demand in 
each 
propeller 
[kW] 
Main 
engine 
power 
output at 
MCR 
[kW] 
Power from 
battery [kW] 
13 2598 2088 510 
Conventional Mechanical Propulsion 
Speed 
[knots] 
Power 
Demand in 
each 
propeller 
[kW] 
Main 
engine 
power 
output at 
MCR 
[kW] 
Power to  
drive 
Generator 
[kW] 
12 2044 2088 44 
11 1574 2088 514 
10 1183 2088 905 
9,6 1046 2088 1042 
Electric Propulsion 
Speed 
[knots] 
Power 
Demand in 
each 
propeller 
[kW] 
Motor 
power 
input 
[kW] 
Power to 
drive 
Generator 
[kW] 
(Conventional 
Drive) 
9,5 1126,7 1173,7 961,3 
9 958,0 997,9 1130,0 
8 672,8 700,9 1415,2 
7 450,7 469,5 1637,3 
6 283,9 295,7 1804,1 
5 164,3 171,1 1923,7 
4 84,1 87,6 2003,9 
3 35,5 37,0 2052,5 
2 10,5 11,0 2077,5 
1 1,3 1,4 2086,7 
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plant configurations as this is of importance for the 
stability and the performance of the vessel.Table 3 
presents the weight analysis in which the two 
different power plants are compared. It is obvious 
that a significant reduction in total weight of the 
power plant has been achieved. This reduction will 
be exploited by the battery banks. 
 
Table 3. Power plant weight analysis 
POWER PLANT WEIGHT ANALYSIS 
Machinery Number Weight 
[tons] 
Total 
weight 
[tons] 
EXISTING POWER PLANT 
9M32C 2 52 104 
8M25C 2 30 60 
Shaft 
Generators 
2 9 18 
 Summary  182 
HYBRID POWER PLANT 
8M25C 4 30 120 
6M20C 1 11 11 
Syn. 
machine 
2 5 10 
 Summary  141 
 
  The synchronous machine and the battery 
modules are interdependent since the battery stack 
must be able to provide the necessary current and 
voltage to drive the motor successfully, and the 
generator must be capable of providing the 
necessary voltage to charge the battery. By 
assuming a typical Line Voltage of 1100 Volts in 
the synchronous machine it is possible to 
determine the size of the battery, as illustrated in 
Table 4. The battery module specifications used in 
the study can be found in (Corvus, 2016).  
Table 4. Battery size and characteristics 
Battery Design 
Number of modules 300 
Modules in series 15 
Max. Output Voltage [V] 1512,0 
Min. Output Voltage [V] 1152,0 
Nominal Voltage [V] 1335 
Parallel branches 20 
Capacity per stack [Ah] 1500 
Energy [kWh] 2010 
Volume of Stack [m3] 22,20 
Weight [tons] 21 
 
  By using the above design, the total weight 
of the battery stacks will be approximately equal to 
the weight reduction; therefore, the effect on the 
stability of the vessel will be small. Using the 
results from the above analysis as well as data 
from Table 1 it was possible to specify the 
synchronous machine parameters since specific 
data for such a machine are not available. The 
synchronous machine is sized accordingly so it can 
handle the excess of power produced by the main 
engine when conventional drive of the propeller is 
selected as well as drive the propeller when the 
option of electric propulsion is preferred. Table 5 
presents the parameters of the synchronous 
machine. 
Table 5. Synchronous machine parameters 
Synchronous Machine 
Line Voltage [V] 1100 
Phase Voltage [V] 635 
Current [A] 1238 
Power Factor  0,95 
App. Power [kVA] 2358 
Real Power [kW] 2240 
Efficiency 0,96 
Torque [kNm] 11,88 
Frequency [Hz] 60 
Poles 4 
Speed [rpm] 1800 
Inertia [kgm2] 90 
  
 Finally, by using the propulsion power 
requirements from Table 1 and the battery stack 
characteristics from Table 4, it is possible to 
determine the power capability of the batteries as 
presented in Table 6. 
Table 6. Battery Power Capability 
Speed (knots) Battery Power 
Capability (hours) 
Hybrid Propulsion 
13 3,8 
Electric Propulsion 
9,5 1,7 
9 2,0 
8 2,9 
7 4,3 
6 6,8 
5 11,7 
4 22,9 
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3 Simulink Model 
 
 
 
Figure 3. Simulink Model 
From the analysis conducted previously, the 
synchronous machine parameters and the battery 
characteristics were estimated. This data was 
essential in order to develop a representative model 
in Simulink. The purpose of the simulation was to 
determine whether the components selected could 
successfully provide for the propulsion 
requirements in each driving option and to evaluate 
the performance of the hybrid propulsion system in 
general. The propulsion system as modelled in 
Simulink is shown in Figure 3.  
The prime mover was modelled in 
Simulink through constant value blocks 
representing the output power and the rotational 
speed of the diesel engine. These parameters are 
the input signals to the gearbox block. The output 
power of the diesel engine is the only variable 
since the engine’s rotational speed is constant due 
to the use of the energy buffering concept. 
Representation of the gearbox through a 
physical model was not possible because the 
operation of the synchronous machine model was 
not compatible with the Simulink physical system 
environment. Therefore, the gearbox was 
represented mathematically by math operation 
blocks so that it could provide the necessary output 
signals of the correct format to drive the 
synchronous machine. Three different subsystems 
are required to represent the three different driving 
options of the propulsion system, as presented in 
Table 1. The output signal of each subsystem 
operates the synchronous machine differently. 
Thus, it was necessary to create a control switch 
that could activate the appropriate subsystem with 
respect to the selected driving mode. The control 
switch requires the power output of the diesel 
engine and the ship’s speed as inputs. The power 
output of the diesel engine is used to calculate the 
amount of power that will be supplied through the 
gearbox to the synchronous machine and the 
propeller shaft according to the power distribution 
map. Ship’s speed is used to activate the 
appropriate subsystem based on the configuration 
presented in Table 1. This was achieved by using 
IF-ELSE function blocks that enable automatic 
switching between the three different gearbox 
subsystems. The arrangement is illustrated in 
Figure 4. 
 
Figure 4. Control Switch and Gearbox Model 
 
The rotational speed of the diesel engine is 
passed to the gearbox block allowing the 
calculation of torque in both the propeller and the 
synchronous machine shafts. The gear ratios were 
chosen as 0.167 and 2.5 so that the rotational speed 
of the propeller and synchronous machine shafts 
were equal to 120 and 1800 rpm respectively. 
Moreover, it was necessary to include the 
synchronous motor efficiency in the gearbox since 
the synchronous machine block in Simulink does 
not take this parameter into account. Gearbox 
losses are also included by introducing the gearbox 
efficiency in the block in order to develop a 
representative model. 
The simplified synchronous machine block 
in Simulink accepts mechanical power as the input 
signal. Therefore, the output signal of the gearbox 
can be used to drive the machine. There are three 
different output signals from the gearbox each one 
driving the synchronous machine differently. In 
Simulink, the synchronous machine block operates 
as a generator when the signal is positive and as a 
motor when the signal is negative. The sign of the 
input signal is determined by the gearbox block 
according to the selected subsystem. Moreover, in 
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the Simulink block that implements a synchronous 
machine, the machine is modelled as an internal 
voltage behind an R-L impedance. Therefore, it 
was necessary to establish an EMF voltage control 
since the operation of the synchronous machine 
varies between generator and motor mode and as a 
result different values of EMF are required. 
EMF control was achieved through an IF-
ELSE function block and a Look-Up Table. The 
IF-ELSE function block determines the output 
signal of the EMF control block based on the sign 
of the input signal. If the signal is positive, the 
machine operates as a generator and the signal 
passes through a Look-Up Table where the EMF is 
extracted through linear interpolation; otherwise, a 
constant value of the EMF is selected when the 
machine operates as a motor. The EMF values 
contained in the block were determined through 
simulation tests in the Simulink environment. 
Figures 5 and 6 illustrate the arrangement of the 
synchronous machine and the EMF control block 
respectively. 
 
Figure 5. Synchronous machine arrangement in 
Simulink 
 
 
Figure 6. EMF control block arrangement 
 
The parameters of the synchronous 
machine were entered in the Simulink block as 
presented in Table 5 and the efficiency of the 
motor was included in the input signal as explained 
previously. 
The DC Boost Converter block in 
Simulink requires control of the duty cycle. In the 
current model, duty cycle control is achieved 
through a Look Up Table block. Ship’s speed is 
used as an input and the value of the duty cycle is 
extracted through linear interpolation. The values 
of the Look Up Table were determined as in the 
case of the EMF control block. Figure 7 shows the 
arrangement of the Rectifier and the DC Boost 
converter in Simulink. 
 
Figure 7. Rectifier and DC Boost converter 
arrangement. 
Finally, Simulink provides an Inverter 
block; however, the PWM signal that controls the 
inverter must be constructed according to the 
desired three-phase frequency. Thus, the desired 
frequency, amplitude, and phase angle were 
entered in a Three-phase Sine Generator block and 
a three-phase sine wave produced. The three-phase 
sine wave was then input into a PWM Generator 
block where it was compared with a triangular 
waveform to produce the PWM control signal. 
Then, the output signal was fed into the inverter, as 
illustrated in Figure 8. 
 
Figure 8. PWM signal control block of the inverter. 
 
4 Operational Scenario and Load Flow 
Analysis. 
In the previous paragraphs, the power 
plant arrangement, the machinery components as 
well as the Simulink model were presented. 
Furthermore, the power distribution map, 
presented in Table 1, was a rough indication of the 
system’s capabilities and limitations. Hence, it was 
important to conduct a detailed analysis of the 
system’s capabilities with respect to the 
operational envelope of the vessel. In order to do 
so, an operational scenario must be developed 
 7 
 
which will be used to evaluate the hybrid 
propulsion system’s performance. 
Table 7 contains the description and the 
duration of the selected operations, the 
corresponding propulsion speed as well as the 
selected driving option. It is worth mentioning that 
the duration of each operation was chosen so that 
the total duration of the scenario was 24 hours. 
This will be very useful in order to determine the 
fuel consumption on a daily basis. The propulsion 
speed in each case is assumed based on available 
data in the literature (Christ and Wernli, 2007) 
(Lamb, 2003).  
 
Table 7. Operational Scenario 
Operation Ship 
Speed 
(knots) 
Duration 
(hours) 
Driving 
option 
Transit from 
Port to 
Construction 
Site A 
11,0 4,0 Conventional 
Cable laying 
from Shore 
Side 1 to Shore 
Side 2 
6,0 4,5 Electric 
Propulsion 
Transit from 
Shore Side 2 to 
Construction 
Site B 
10,0 6,5 Conventional 
Installation in 
Construction 
Site B 
0,0 3,5 None 
ROV survey 2,0 2,5 Electric 
Propulsion 
Transit from 
Construction 
Site B to Port 
7,0 3,0 Electric 
Propulsion 
 
The load flow analysis was undertaken in 
order to determine whether the power requirements 
of the individual operations can be covered by the 
hybrid power plant successfully. Moreover, during 
this stage, possible limitations of the system will 
be identified and also a clearer picture of the power 
distribution between the different elements of the 
power plant will be provided. 
Firstly, it is necessary to estimate the 
power requirements for the individual operations.  
 During Cable laying, it is expected that the 
ship will move forward at low speed, 
normally below 7 knots, and that the DP 
system will operate in order to maintain 
the vessel’s position. Thus, it is assumed 
that the propulsion speed is 6 knots and 
that the DP system operates at 25% of its 
capacity. Moreover, cable laying requires 
the use of relevant on board equipment 
which increases the power requirements 
(Lamb, 2003).  
 When the vessel is at a construction site, it 
must remain stationary at a specific 
position during the installation of 
equipment. Therefore, it is assumed that 
the DP system is at full load and no 
propulsion is required from the propellers. 
However, the use of the onboard 
equipment such as cranes requires 
additional power to be provided from the 
power plant (Lamb, 2003).  
 ROV survey requires a high degree of 
maneuverability and since the ROV is 
supplied by the vessel, additional service 
loads need to be provided from the power 
plant. Hence, it is assumed that the DP 
load is at 75% and propulsion at low speed 
is required as well (Christ and Wernli, 
2007). 
 The total hotel loads of the vessel are 
normally around 500kW. 
 Additional loads due to the use of the 
onboard equipment vary depending on the 
operation. These loads are referred to as 
service loads in the analysis. 
Table 8 presents the load flow analysis 
with respect to the operational scenario developed 
above.   
 
Table 8. Load Flow Analysis 
Operation Loads Power 
(kW) 
Provider 
Transit from 
Port to 
Construction 
Site A 
Propulsion 3498.2 Main Engines 
DP system 0 None 
Hotel 500 Shaft Gen. 
Service 0 None 
Cable laying 
from Shore 
Side 1 to Shore 
Side 2 
Propulsion 591.4 Batteries 
DP system 1268.8 
Auxiliary Gen. Hotel 500 
Service 300 
Transit from 
Shore Side 2 to 
Construction 
Site B 
Propulsion 2628.3 Main Engines 
DP system 0 None 
Hotel 500 Shaft Gen. 
Service 0 None 
Installation in 
Construction 
Site B 
Propulsion 0 None 
DP system 5075 Shaft & 
Auxiliary 
Generators 
Hotel 500 
Service 850 
ROV survey Propulsion 21.9 Batteries 
DP system 3806.3 
Auxiliary Gen. Hotel 700 
Service 150 
Transit from 
Construction 
Site B to Port 
Propulsion 939.1 Batteries 
DP system 0 None 
Hotel 700 Auxiliary Gen. 
Service 0 None 
The analysis proved that the hybrid system 
can successfully cover the power requirements in 
each state of operation. Furthermore, it can be seen 
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that there is a high degree of flexibility with regard 
to how the different loads can be covered by the 
power plant. On the other hand, the reduction in 
the size of the main machinery forces the system, 
in some cases, to draw power from more than one 
source in order to meet the load requirements. 
 Based on the same operational scenario it 
is possible to estimate the fuel consumption and 
compare the results with the existing power plant 
of the CSV.  
It was expected that the use of electric 
propulsion and the reduced size of the main 
engines would result in lower fuel consumption. It 
is also necessary to monitor the operating load of 
the main machinery, particularly the depth of 
discharge of the batteries and the operating load of 
the diesel engines. Lithium-ion batteries can only 
be discharged to a certain level otherwise damage 
in the cells is inevitable (Warner, 2015). According 
to the battery module specifications in Table 4, the 
depth of discharge of the battery should not exceed 
80%, meaning that the state of charge of the 
battery should always be above 20%. Table 9 
presents the battery’s performance during each 
operation. 
 
Table 9.  Battery Bank performance 
Operation Battery State 
during 
operation 
Battery SoC  at 
end of 
operation 
Transit from 
Port to 
Construction 
Site A 
Idle 100% 
Cable laying 
Shore Side 1 to 
Shore side 2 
Discharge 26% 
Transit from 
Shore Side 2 to 
Const. site B 
Charge 100% 
Installation Idle 100% 
ROV survey Discharge 98% 
Transit from 
Construction 
Site B to Port 
Discharge 21% 
 
On the other hand, according to the energy 
buffering concept, the engine’s efficiency 
improves when it is operating at the optimum point 
(Khodabakhshian, 2015). Therefore, the diesel 
engines should operate as close as possible to their 
MCR point in order to apply this concept. Table 10 
presents the engines’ load in each operation. It is 
obvious that the engine load is relatively high and 
therefore the engines will operate more efficiently 
than in the conventional system. Furthermore, in 
cases where the option of electric propulsion is 
chosen, the engines do not operate at all, leading to 
a significant reduction in fuel consumption. 
 
 
Table 10. Main Engines’ performance 
Main Engines’ Load 
Transit from Port to 
Construction Site A   
86% 
Cable laying Shore 
Side 1 to Shore side 2 
-- 
Transit from Shore Side 
2 to Const. site B 
68% 
Installation 100% 
ROV survey -- 
Transit from 
Construction Site B to 
Port 
-- 
 
5 Fuel consumption and CO2 emission analysis 
  
 Based on the results of the load flow 
analysis it is possible to calculate and compare the 
fuel consumption and the CO2 emissions of the 
hybrid and the existing power plant of the CSV. 
The complete load flow and fuel consumption 
analysis of the hybrid and the existing power plant 
arrangements are illustrated in Tables 11 and 12. 
The load flow analysis of the existing power plant 
is based on the assumption that propulsion and DP 
power requirements are covered by the main 
engines and the shaft generators respectively, 
while hotel loads are covered by the auxiliary 
generator set.  
In addition, Figure 9 compares the fuel 
consumption of the two different arrangements 
with respect to each individual operation. 
Significant differences in fuel consumption 
between the two different power plants appear in 
the cases of cable laying and transit from 
construction site B to port where propulsion is 
covered by the batteries. Moreover, the use of 
smaller prime movers resulted in a small reduction 
in the fuel consumption even in the cases where 
conventional mechanical propulsion is chosen. 
Figures 10 and 11 compare the fuel consumption 
of the auxiliary and the propulsion system between 
the two different power plants. It can be seen that 
the auxiliary system of the hybrid power plant 
consumes more fuel compared to the existing one. 
This is mainly due to the use of the auxiliary 
generators in order to supply the DP system in 
addition to the hotel and service loads. On the 
other hand, in terms of propulsion, the use of 
batteries results in lower fuel consumption as 
illustrated in Figure 11. 
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Table 11. Load flow analysis and fuel consumption of the Hybrid power plant 
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Table 12. Fuel consumption of the existing power plant 
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Figure 9. Fuel consumption of the hybrid and the existing power plant 
 
 
 
Figure 10. Fuel consumption of the auxiliary system 
 
 
 
 
Figure 11. Fuel consumption of the propulsion system. 
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Finally, by comparing the two systems, it can be 
seen that a reduction of 10.9% in the total fuel 
consumption has been achieved as presented in 
Table 13. 
 
Table 13. Reduction in fuel consumption 
Power Plant Fuel consumption in 
tons per day 
Hybrid power plant 16,05 
Existing power plant 18,01 
Reduction in fuel 
consumption (%) 
10.91% 
 
Furthermore, the CO2 emissions were calculated 
based on the Third Greenhouse Gas Study 
(GHG3) conducted by the IMO (IMO, 2014). 
According to the GHG3 study (IMO, 2014), the 
CO2 conversion factor equals 3.082 per liter of 
MGO. In Table 14, the total CO2 emissions of the 
hybrid and the existing power plant of the CSV 
are presented. 
 
Table 14. CO2 emission reduction 
Power 
Plant 
Total fuel 
consumption 
in liters/day 
CO2 
Conversion 
factor 
Total 
CO2 
Emission 
in kg/day 
Hybrid 18,033.7 3.082 55,579.8 
Existing 20,236 3.082 62,367.3 
CO2 emission reduction (%) 10.88% 
 
6 Conclusions 
The present study investigated the 
implementation of a hybrid propulsion system in 
an Offshore Vessel. The analysis indicated that 
there are potential benefits in terms of fuel 
consumption and as a result in a reduction of 
exhaust gas emissions. Furthermore, the use of 
electric propulsion could lead to a reduction in the 
noise levels on board ship although an accurate 
estimate could not be performed due to lack of 
data.  
The hybrid power plant configuration was 
based on the idea that such a system could be used 
as a retrofit in Offshore Vessels that still use 
conventional propulsion systems. In addition, the 
weight analysis proved that it is possible to 
replace the propulsion system with a hybrid 
system, without affecting the vessel’s stability. 
Furthermore, the implementation of the energy 
buffering concept along with the option of hybrid 
drive and electric propulsion resulted in a more 
efficient power plant. This was supported by the 
load flow analysis which also indicated that the 
hybrid system is more flexible in terms of 
providing the necessary loads under certain 
operational conditions. In addition, the fuel 
consumption analysis resulted in a significant 
reduction in the total fuel consumption. 
Finally, the above analyses suggested that 
hybrid propulsion systems can successfully be 
applied in Offshore Support Vessels offering 
benefits in terms of fuel consumption and exhaust 
gas emissions.  
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